ABSTRACT

FLIGIIT SUMMARY
The STS-46 mission altitudes and attitudes were scheduled to accommodate three primary payloads, of which the EOIM-III was sequentially the third and final• The orbital inclination was 28.5 degrees and the solar beta angle (the angle between the orbit plane and the Earth-Sun vector) varied between 17.5 and 24.3 degrees• The STS-46 altitudes as a function of Mission Elapsed Time (MET) are shown in figure 1. The highest (430 kin) orbit, occuning from MET 0-70 hours, was flown to support the release of the European Retrievable Carrier (EURECA) satellite.
The second (300 km) orbit, occurring from MET 70-140 hours, was for Tethered Satellite System (TSS) operations.
The lowest (230 km) orbit supported the EOIM-III experiment, exposing the orbiter and all payloads to a far denser atmosphere than the earlier, higher orbits. The molecular density of the atmosphere at the EOIM-III altitude was approximately 10 times higher than the density at the TSS-deploy altitude, and approximately 100 times higher than the EURECA-release altitude• Because of the density increase at low altitudes and the nonram orientations flown during most of the rest of the flight, approximately 95 percent of the total atomic oxygen fluence occurred during the EOIM-III portion of the mission.
The environmental
exposure of the EOIM-III payload also depended on the attitude of the orbiter with respect to the direction of flight (ram direction), and with respect to the Sun. The attitude timeline in figure 2 shows the angle between the cargo bay normal (-Z in orbiter body coordinates) and the orbiter velocity vector. The angle shown in figure 2 runs from 0 degrees, corresponding to the -ZVV or ram orientation, to 180 degrees, corresponding to ZVV or anti-ram (heat shield into the velocity vector)• The oscillations between 0 and 180 degrees visible during earlier parts of the mission correspond to inertial hold attitudes or roll maneuvers.
The EURECA-release portion of the flight included periods of ram attitude and periods of a solar inertial hold, during which time the cargo bay was facing the Sun. The EOIM-III mass spectrometer was on for approximately 17 hours during this part of the flight. The TSS-depioy portion of the flight comprised mostly an "airplane mode" orientation, where the cargo bay was facing away from Earth. The mass spectrometer was on for about 4 hours during TSS operations•
TIIERMAL HISTORY
The thermal history of the EOIM-III payload was measured by 11 thermocouple sensors placed behind selected samples and on the EOIM-III payload structure, as shown in figure 3. Because of noise in the temperature data, and the large number of measurements from each sensor (one sample per second), the data were appropriately filtered and time-averaged before plotting. Thermocouple sensors on the 200 degree heated tray were placed both on the tray thermostat and in a sample holder cell. The thermo-optical properties for the sample cell sensor were determined by an anodized aluminum disk that was identical to the rest of the payload aluminum, so that any differences between the sensor readings were due to configuration interactions alone. As shown in figures 4,6 and 4.7, the thermostat sensor on the 200 degree tray shows a much smaller diurnal temperature variation and a significantly higher mean temperature than the sample cell sensor. I  I  I  I  I  I  I  I  I   I  I  |  I  I  I  I  I  I   20  40  60  80  100  120  140  160 The unshadowed sample surface assumption should hold reasonably well for this configuration as the Sun sensor was located high in the cargo bay and had few potential solar illumination blockers.
For the period of time encompassing EOIM-III operations, the cargo bay was facing into the velocity vector direction and the majority of the time was spent in either a biased tail-to-Earth or nose-to-Earth attitude.
Since this period of time was of specific interest, a more detailed assessment of the potential blockage by orbiter components was performed. is the accumulated direct solar flux; is the solar flux (assumed unity here, so that FACC is essentially a scaling factor); is the terminator exit angle; is the orbit angle where blockage begins; is the angle between the solar vector and the orbit plane (assumed constant over a single orbit).
Note that this equation applies only to the case where the orbiter cargo bay faces into the velocity vector direction.
Also, for all locations other than between the orbit angles Ctl and _2, FACC = 0 due to blockage or angles greater than 90 degrees with respect to the solar vector.
If the accumulated direct solar flux is divided by the product of the solar constant and the orbit period,theresultis equivalent Sunhours.Thesolarexposure is calculated by multiplying the equivalent sunhoursby theUV/VUV fluxesmeasured by theSolar-Stellar Comparison Experiment 1 (SOLSTICE)(refs. 9,10,H) on theUpperAtmosphere Research Satellite(UARS). Theresultingsolar exposure valuesarepresented in table1. It shouldbenotedthattheshortwavelength limit for SOLSTICEis 119nm, sotheinterval119to 10nm arenot measurements, but arefrom amodelthatuses thesolar10.7cmradioflux. (ref. 12) Due to the shape of the solar spectrum, the 150-2(10 nm irradiance consists of about 80 percent from the 18(1-2(_) nm flux, and the 119-150 nm irradiance consists of about 80 percent from the Lyman-ot flux at 121.5 nm. The 1-_ uncertainty for UARS measurements is 5 percent, and the 1-_ uncertainty for the extreme ultraviolet model results is 30 percent.
ATOMIC OXYGEN FLUENCE
The atomic oxygen fluence is determined in three'different ways. First, the AOFLUX computer program(ref.
131, which incorporates the MSIS-86 atmospheric model and the as-flown Space Shuttle trajectory, was used to calculate oxygen atom fluence. Second, the oxygen atom fluence was measured directly from Kapton film erosion, as corrected for cofifiguration interactions produced by the sample holder. The Kapton film erosion measurements are discussed in detail in reference 6. Finally, ambient oxygen atom measurements were made using a mass spectrometer that was calibrated before and after the mission in the ttigh Velocity O-atom Beam (ltVAB) system at the Los Alamos National Laboratory (LANL).(ref.
141 All fluence estimates are summarized in table 3.
AOFLUX Calculations
The The O-atom densities calculated from MSIS-86 were used with the velocity of the spacecraft to calculate the total flux to the spacecraft.
Integrating the total flux throughout the mission gives a total fluence to the spacecraft (before orientation effects are included) of 3.4x1020 O-atoms/cm z. The total flux at each time increment was multiplied by the cosine of the ram angle (shown in figure 2 ) to obtain the net flux to the EOIM-tll payload (shown in figure 5 ). Note that the fluxes for angles greater than 90 degrees were simply s_t to zero. By integrating the net flux throughout the mission, the fluence to the EOIM-III payload is calculated to be 2.3x102°O-atoms/cm 2 (see table 3 ). Ninety-five percent of this net fluence occurs during the low-altitude ram orientation, as can be seen in figure 5 . independent measurement of Kapton reaction efficiency was conducted in the HVAB at LANL as described in reference 6. The EOIM-III O-atom fluence based on the LANL measurement of the Kapton polyimide reaction efficiency is 2.3:L-0.07x1020 atoms/cm 2 based on weight loss and 2.4_'_H).09x1020 Oatoms/cm 2 based on surface recession measured by profilometry.
The various O-atom fluence determinations for EOIM-III are summarized in table 3 where it can be seen that MSIS-86 calculations, mass spectrometer measurements and Kapton weight loss or profilometry measurements produce nearly identical fluence determinations.
Mass Spectrometer Measurements
The EOIM-III quadrupole ion/neutral mass spectrometer( re [ 18) scanned a mass to charge ratio range of 0 to 72 amn/unit charge every 5.12 seconds with a digital resolution of 0.142 M/e/channel (512 digital data channels corresponding to 0-72 amu/unit charge). The mass spectrometer resolution (AM/M) calculated as mass peak width (full width at half maximum) at mass 28 was .011 throughout the mission and during the pre and post flight calibrations.
The mass spectrometer output signal was logarithmically amplified, which permitted the display of seven orders of magnitude in mass spectrometer detector current in a 0 to 5 volt analog signal that was then digitized with an 8-bit analogto-digital converter.
Mass spectra were produced in either ion or neutral operating mode. In neutral mode, a repeller grid excluded naturally occurring ionospheric ions and neutral gaseous species entering the ion source were ionized by electron impact. In ion mode, the repeller grid and the filaments producing electrons for electron impact ionization were shut off and naturally occurring ionospheric ions entering the ion source volume were mass analyzed and detected.
Approximately 46,000 mass spectra were recorded during STS-46. Prior to the beginning of EOIM-III operations, the mass spectrometer operated in the ion and neutral mode in alternating one minute time periods.
During EOIM-III operations, ion and neutral mass spectra were recorded according to a predetermined sequence which also involved periodic observation of the gaseous and plasma environments in the various carousel sectors. For a comparison of mass spectrometer to MSIS-86 data, it is useful to calculate the MSIS-86 fluence during the time that the mass spectrometer was on, tilted up, and measuring neutral species.
The on-time MSIS-86 fluence is 1. lxl020 O-atoms/cm 2, or 48 percent of the net MSIS-calculated fluence.
The primary objective of the EOIM-III mass spectrometer experiment was to measure the Oatom fluence for comparison with the fluence calculated using the MSIS-86 model of the thermosphere.
The mass spectrometer was subjected to an extensive calibration process both before and after tile flight (ref. 14) to permit accurate quantitative estimates of O-atom flux and fluence from the mass spectrometer data. The Oatom fluence was determined from the mass spectrometer data as follows. First, the mass spectrometer data were divided into 5-minute intervals corresponding to the 5-minute intervals used in the MSIS-86 calculations.
Within each 5minute interval, all complete, valid spectra appropriate for use in neutral flux and fluence calculations were averaged. Figure 6 shows a Figure 7 shows an overview of the 5-minute-average spectra taken throughout STS-46. In figure 7 , an additional averaging of 12 adjacent 5-minute-average spectra was included to reduce the line density of the plot. The5-minute-average spectra were used to calculate O-atom fluence. Mass peak areas (peak sums), not peak heights, were used throughout in order to obtain the best possible signal to noise ratio. Peak sums, which retained the units of Amperes, were calculated by summing the mass spectrometer signal amplitude in the seven adjacent digital data channels containing a mass peak. The unmodified peak sums for the M/e = 16, 28, and 32 peaks (O, N2, and 02) are shown in figures 8 through 10. To calculate the O-atom flux, the peak sum at Mle = 16 was corrected for contributions from M/e = 16 fragment ions from molecular oxygen and water by subtracting 26 percent of the M/e = 32 (02) peak sum and 1.7 percent of the M/e = 18 (H20) peak sum, as shown in figure 12 . The O-atom flux that produced each 5-minute-average spectrum was then calculated by multiplying the corrected M/e = 16 peak sum by a calibration function described below. The O-atom fluence was then determined by adding up the fluences for the various 5-minute periods.
The calibration function was derived from both ground ba_d calibration of the mass spectrometer in the HVAB at LANL and mass spectrometer performance data from STS-46 itself. The EOIM-III mass spectrometer showed an O-atom fluence dependent sensitivity decay both in the HVAB at LANL and during STS-46. However, different sensitivity decay functions were observed in the lab and on orbit as shown in figure 11 . For this reason, the zero-fluence Oatom flux calibration factor determined in the HVAB at LANL was used with an empirical sensitivity decay function derived from a fit to the corrected M/e = 16 pe]k sum data from STS-46 to produce the calibration function:
0.006 Y = 0.0047968 -0.0022472*log(MET-142.5)
Using this calibration function, the corrected O-atom peak sums, and the percentage of mass spectrometer on-time, the measured EOIM-III mission fluence is 2.3!-0.7x1020 O-atoms/cm 2.
The EOIM-III mass spectrometer was calibrated for direct measurement of high velocity O-atom flux both before and after flight on STS-46 in the HVAB at LANL.
Details of the calibration methodology, and a summary of calibration methods and results have been reported previously. prior to STS-46 as well as after the mission.
In general the EOIM-III mass spectrometer showed excellent stability with the O-atom flux at low O-atom fluence, showing a maximum variation of 5 percent and the partial pressure sensitivity for nitrogen gas varying by less than 10 percent. Some changes in the fragmentation yield of 02 + were, however, observed so that the 10 percent correction factor reported in reference 14 was increased to 26 percent for O-atom fluence calculations as a result of thermal gas calibration measurements conducted prior to and just after STS-46.
It should be noted that the calibration results reported in reference 14 were obtained before the O-atom fluence sensitivity decay was observed.
A more complete description of mass spectrometer calibration is forthcoming.
EOIM-lll CONTAMINATION
Since atomic oxygen effects are affected by contamination, deposits on sample surfaces were measured both in flight and post flight. In fight measurements were made using quartz crystal The AOMs showed a constant or slightly increasing rate of resistance change throughout the EOIM-III ram period which would not be observed if a coating of SiO2 were accumulating on the carbon resistor surfaces at the rates indicated by the EMP. 2 Silver/Teflon 0.0 3.2 Kapton tape (exposed) Kapton tape (unexposed) steel washer (exposed) steel washer (exposed) steel ground strap polysulfone (exposed) polysulfone (une.xposed) Mylar-A (exposed) M_,lar-A (unexposed) aluminum steel washer Kapton 
